The combined effects of feeding time (morning and evening) and dietary fat concentration on feed intake, growth, body composition and lipid tissue distribution were examined in rainbow trout fed on demand. To that purpose, diets with low (LE, 6% lipid) or high energy concentrations (HE, 24% lipid) were used in four treatments that combined provision of the same (HE-HE or LE-LE) or different (HE-LE, LE-HE) diets at morning and evening meals. Digestible energy intakes of the LE-HE (229 kJ kg -1 d -1 ) and HE-HE (269 kJ kg -1 d -1 ) groups were significantly different. There was no significant difference in the amount of energy intake between the two meals of the day in any of the treatments. The main effect of dietary treatment was on lipid intake; fish in the HE-HE, HE-LE and LE-HE treatments ingested approximately 3, 2.2 and 1.8 times more lipid than those on the LE-LE treatment. Growth, weight gain and protein gain were not affected by dietary treatment, but lipid gain reflected lipid intake; fish in the HE-HE, HE-LE and LE-HE treatments gained approximately 2.6, 2.1 and 1.7 more lipid than did fish on the LE-LE treatment. Body composition was significantly affected by dietary treatment; whole body lipid content reflected lipid gain, and visceral lipid concentration was affected in a similar way to whole-body lipid. On the other hand, muscle lipid concentrations were similar in fish submitted to the HE-LE, LE-HE, and LE-LE treatments (< 4%), and were lower than in fish on the HE-HE treatment (ca. 5.5%). Consequently muscle lipid concentration was not directly related to lipid intake, because lipid intakes of fish on HE-LE and LE-HE treatments was higher than in those on the LE-LE treatment, while muscle lipid concentration was lower. Thus feeding fish with different diets in the morning and evening might have potential as a tool for manipulating lipid distributions and concentrations without major adverse effects on growth. © 2002 Ifremer/CNRS/Inra/IRD/Cemagref/Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
Introduction
The feeding behaviour of fish has been much studied, and there are many indications that the time of feeding affects growth, feed efficiency and body composition (see review by Bolliet et al., 2001) . It has been suggested that the optimal feeding time to promote growth might correspond to the natural daily peak of feeding activity of the species in question. For example, rainbow trout, Oncorhynchus mykiss, has a peak of feeding activity at dawn (Boujard and Leatherland, 1992a,b Sanchez-Vazquez and Tabata, 1998) , and fish fed at dawn have higher weight gain than those fed at midnight (Boujard et al., 1995; Gélineau et al., 1996) .
Daily changes in feeding activity may reflect adaptive responses to food availability and predators in the wild. There is also a considerable body of evidence that hormones or metabolites involved in feeding, growth and energy partitioning show significant daily fluctuations. This implies that fish are in different physiological states at different times of the day (see reviews by Boujard, 2001; Madrid et al., 2001) , and as such, they respond differently to dietary treatments (rations or dietary compositions) depending on the time of feeding. This is exemplified by the study of Bolliet et al. (2000) on the combined effect of feeding time and dietary lipid levels on protein synthesis and retention. However, in that experiment, as with most studies concerned with the time of feeding, only one meal per day was provided. This is not usual practice in fish culture, so further studies are needed before the practical consequences of meal timing can be addressed.
The aim of the current study was to investigate the combined effects of feeding time and dietary fat levels on feed intake and growth characteristics of rainbow trout fed twice daily. Fish were fed low (LE, 6% lipid) or a high (HE, 24% lipid) energy diets in combinations that gave distributions of the same or different diets in the two meals.
Materials and methods

Experimental conditions
The experiment was conducted at Inra, Saint-Pée-surNivelle (Pyrénées-Atlantiques, France) over a period of 7 weeks. The photoperiod was 13.5 h light/10.5 h dark (lights on at 05:00 hours) with dawn and dusk periods of 30 min each. Tanks (100 l) were supplied with re-circulated water at a flow rate of 2 l min -1 and temperature maintained at 16.0 ± 0.2°C. Each tank was equipped with a demandfeeder system (Imetronic Sarl, France), comprising a trigger placed 5 mm above the water surface, a food hopper, an interface and control software that recorded trigger signals and controlled the feeder . Access to food was for two periods of 2.5 h each per day, between 05:00 and 07:30 hours (morning meal) and between 17:00 and 19:30 hours (evening meal). During these two periods trigger actuations were rewarded by provision of food (ca. 0.5 g). Each tank was equipped with a sediment trap for collection of any waste feed.
Rainbow trout of initial body weight of approximately 30 g were divided into groups of 30 fish each and distributed among the 12 tanks. They were fed iso-nitrogenous 3 mm dry pellets formulated to contain approximately 240 or 60 g lipid kg -1 dry matter (HE and LE; Table 1 ). Four dietary treatments were established, each being applied to three groups of fish: HE diet at both meals (HE-HE treatment), LE diet at both meals (LE-LE treatment), HE diet in the morning and LE diet in the evening (HE-LE treatment), LE diet in the morning and HE diet in the evening (LE-HE treatment).
Sample collection and analytical methods
At the start of the trial, 10 fish were sampled for proximate analysis of the whole body, and at the end of the trial, four fish per tank were sampled for composition analysis. Liver, viscera and muscle were sampled from an additional three fish per tank. The samples were frozen in liquid nitrogen and stored at -80°C until analysed for lipid content.
Whole fish were homogenised and freeze-dried prior to analysis. Chemical compositions of diets and whole fish were analysed as follows: dry matter after drying at 105°C for 24 h, fat after extraction with petroleum ether by the Soxhlet method, starch by the glucose-amylase-glucoseoxidase method (Thivend et al., 1972), protein (N × 6.25) by the Kjeldahl method after acid digestion. Gross energy was determined using a adiabatic bomb calorimeter. Due to small sample sizes the liver, viscera and muscle samples were homogenised and total lipids were determined using a modification of the method of Folch et al. (1957) ; chloroform being replaced by dichloromethane.
Analysis of data
Feed intake, growth and feed utilisation were described according to the following:
• FI, average relative daily feed intake: total feed ingested/ABW/days; • %FI during morning meal: 100 × FI morning/(FI morning + FI evening);
• LI or PI, lipid or protein intake: total lipid or protein ingested/ABW/days; • DEI, average relative daily digestible energy intake where IBW is the initial mean body weight; FBW, the final mean body weight; ABW, the average body weight: (IBW + FBW)/2; total feed ingested, the feed distributedfeed wasted; DE of diets HE or LE, the digestible energy content of diets HE or LE (kJ g -1 ).
All statistical analyses were performed using GraphPad Prism™ version 3.02 for Windows (GraphPad Software, San Diego California USA). Percentage data were Arcsin ͌͑ x ͒ transformed prior to analysis. The influence of dietary treatment was tested by one-way Anova for each variable and Tukey's multiple comparison test was performed when F values indicated significance (p < 0.05). A one-sample t-test of comparison with a hypothetical value of 50% was used to evaluate the effect of dietary treatment on the share of intake between the two meals.
Results
Intake and growth regulation
No mortality was observed during the trial. The amount of feed waste was always < 2% of the total distributed. Feed intake was significantly higher in fish on the LE-LE treatment than in the other groups, but protein intake did not differ among treatments. Lipid intake was different across all treatments, and digestible energy intake was significantly lower in the fish on the LE-HE treatment than in those on the HE-HE treatment (Table 2) . Fish fed the same diet in the two meals (HE-HE and LE-LE) ate almost the same amount in both meals of the day, whereas fish in the other groups (HE-LE and LE-HE) tended to eat more during the morning meal than during the evening meal (Fig. 1 ), but this was significant only for fish on the LE-HE treatment (t = 4.469; df = 2; p < 0.05). However, for fish on this treatment energy intake (DEI) was not significantly different between meals (t = 1.254; df = 2; p = 0.3365). The groups of fish submitted to the HE-LE treatment tended to ingest more energy during the morning meal than during the evening meal, but this was not significant from a 50:50 distribution (t = 2.838; df = 2; p = 0.1050) (Fig. 1) . The different treatments did not result in any significant differences in terms of weight gain, protein gain or SGR, although there was a trend for better growth in groups fed the HE diet in the morning (Table 2 ). Both lipid intake and lipid gain were markedly affected by dietary treatment, both being highest for fish on the HE-HE treatment and lowest for LE-LE fish (Table 2) .
Body composition and nutrient retention
Dietary treatment significantly affected the proximate composition of the fish (Table 3) . Fish submitted to the HE-HE treatment were the fattest, had the highest energy content, and the lowest protein concentration, while those submitted to the LE-LE treatment were the leanest, with the lowest energy content and the highest protein concentration. Protein and energy retention efficiencies were not significantly affected by dietary treatment, but tended to be lowest in the fish on the LE-LE treatment.
There was no significant effect of dietary treatment on the liver lipid concentration (Fig. 2) , but both the visceral and 4.4 ± 0.5a 3.6 ± 1.3 b 2.8 ± 0.2b 1.7 ± 0.4 c 21.76 < 0.001 . Fig. 1 . Effect of dietary treatment (HE-HE, HE-LE, LE-HE or LE-LE) on the proportion of feed intake (%FI) and digestible energy intake (%DEI) observed during the morning meal. See main text for designations of dietary treatments. * Significantly different from 50% (p < 0.05); n.s. not significantly different from 50%. Whiskers indicate S.D. Table 3 Effect of dietary treatment (HE-HE, HE-LE, LE-HE or LE-LE) on final proximate composition of the fish (dry matter, total protein (N × 6.25), total lipid and energy gain, and protein and energy retention efficiencies. See main text for designations of dietary treatments. Initial proximate composition was dry matter = 25.4% body weight, protein = 15.9%, lipid = 5.7%, energy = 6.1 kJ g -1 body weight. Data are given as means ± S.D., n = 3. For each variable, the F value and the P levels of the Anova are indicated. Values within the same row with different letters are significantly different (p < 0.05)
HE-HE HE-LE LE-HE LE-LE F p
Proximate composition (% or kJ g -1 body weight) Dry matter 28.7 ± 1.4 27.9 ± 0.9 27.6 ± 0.9 25.9 ± 0.6 3.98 0.052 Protein 15.0 ± 0.2b 15.2 ± 0.3ab 15.4 ± 0.3ab 15.9 ± 0.1a 6.09 < 0.05 Lipid 10.1 ± 0.9a 8.7 ± 1.2ab 8.0 ± 0.5bc 5.9 ± 0.6c 13.35 < 0.01 Energy 7.4 ± 0.5a 7.1 ± 0.4ab 6.9 ± 0.3ab 6.2 ± 0.2b 5.91 < 0.05
Retention effıciencies (%) Protein (%) 45.4 ± 2.7 43.8 ± 0.8 46.3 ± 4.2 39.6 ± 2.2 3.45 0.072 Energy (%) 51.7 ± 8.2 50.3 ± 6.1 51.3 ± 1.8 39.0 ± 4.1 3.50 0.070 . muscle lipid concentrations were affected by dietary treatment. In the case of the viscera, lipid concentrations varied a similar way to whole-body lipid concentrations (cf. Table  2 and Fig. 2 ), but this was not the case for muscle lipid concentrations. Muscle lipid concentrations were low in fish submitted to the HE-LE, LE-HE and LE-LE treatments, in comparison to the fish fed the HE diet only, and muscle lipid concentration was not directly related to lipid intake (Fig.  3) . Lipid intake of fish on the HE-LE and LE-HE was higher than that of fish fed the LE diet only, but their muscle lipid concentrations were significantly lower (F = 64.9; p < 0.0001; one-way ANOVA and Tukey's post-hoc test).
Discussion
Intake and growth regulation
Growth was similar to that observed previously in fish held under similar feeding conditions (on demand with time-restricted access to food; Gélineau et al., 1998 Gélineau et al., , 2001 ). However, hand-feeding of rainbow trout tends to promote better growth, implying that self-fed trout with timerestricted access to food do not achieve maximal growth (Gélineau et al., 1998 (Gélineau et al., , 2001 . When fish are fed by means of self-feeders, they must actively seek food and feed delivery stops when the fish that operate the feeding system cease activating the trigger. In groups of fish that are hand-fed to satiation, food is provided as long as the fish display a feeding response. This suggests that rainbow trout fed on demand do not ingest as much food as they are able, but feed in relation to the effort required to obtain food.
With the exception of the groups submitted to the LE-HE treatment, there appeared to be regulation of daily feed intake based on dietary digestible energy content (DEI not significantly different between HE-HE, HE-LE and LE-LE treated groups). This is in accordance with previous studies with rainbow trout fed either on demand (Boujard and Médale, 1994; Gélineau et al., 2001) or by hand (Lee and Putnam, 1973; Kaushik and Oliva-Teles, 1985; Beamish and Medland, 1986) . However, there was a trend for higher energy intake (and growth) in fish fed the high energy diet in the morning; this may indicate that fish experience some difficulty in regulating their energy intake when the diets delivered in the morning and evening differ. Bolliet et al. (2000) suggested that time of feeding and dietary fat interact to affect growth, but they presented food only once per day. In the present study there were no significant differences between the groups of fish submitted to the dissociated dietary treatments (HE-LE or LE-HE), so it appears that overall feed intake and feed efficiency were primarily influenced by total energy intake, and only marginally by the time of access to the two diets (LE and HE).
Body composition and nutrient retention
The effects of dietary treatment on proximate body composition were in line with results of previous studies (Takeuchi et al., 1978; Kaushik and Oliva-Teles, 1985; Jobling et al., 1998; Gélineau et al., 2001) , and the differences in lipid deposition observed among fish submitted to the different dietary treatments could be linked to the composition of the diets. Fish submitted to the HE-HE, HE-LE and LE-HE treatments ingested approximately 3, 2.2 and 1.8 times more lipid than those on the LE-LE treatment, and this was reflected in fat deposition and body composition. Boccignone et al. (1993) reported a significant increase in muscle lipid concentration in rainbow trout fed during late afternoon in comparison with those fed in the morning, whereas Bellardi et al. (1995) reported that perivisceral fat was higher in fish fed in the morning than in fish fed during late afternoon. In the present study the lowest muscle lipid concentrations were observed in the fish submitted to the dissociated (HE-LE and LE-HE) dietary treatments. However, in the absence of data from a treatment using a diet with intermediary fat levels distributed at both meals, it cannot be determined if this was the effect of the dynamics of lipid intake and distribution, or the effect of the dietary treatment per se. If our observation is one reflecting dietary treatment, it implies that ingestion of a large amount of lipid in one of two meals per day (HE distributed in the morning or in the evening and LE given at the other meal) does not induce any greater fat deposition in the muscle of small rainbow trout than does the provision of a low fat diet (LE) in both meals.
This result indicate that feeding fish with diets that differ in composition in the morning and evening meal may have potential as a tool for manipulating body, and particularly muscle, composition.
